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PRWHM OF L~DING.

By

.’ The problem of landing deserves rno!reserious attention than

it has thus far been given. In the following brief remarks, I

wiX1.

some

expound certain corisidera+ionswhioh seem to me tO throw

light on the subject,.~~ ,,.,
. .

First of all, it must be carefully determined asto how the

airplane is to land. After descending to a ceitain height above

the ground by gliding, the airplane “flattens out’?and flies hori-

zontally near the ground, without engine (or at “idlingt’speed)

so as to be retarded raiher than accelerated), during which time

the airplane lcses speed by increasing its incidence,until, being

no longer able to support itself, it descends and rests its *heels

on the ‘ground, Thus the tail skid sometiv~estouches.‘theground

before the landing geazs

The landing is therefore a fall fr~i

takes place when the airplane, because of

longer supported. Naturally, it is not a

a low height, which

its reduced speed, is no

free fall,

lift, although no longer equal to the weight of the.’

not become zero ali at once,

From the foregoing, it follows that the wheels

, . ..

sinoe the

airplane, does

do not touch

the.gruund,ina skillful landing, until the .air@ae has reaohed

its minimum speed, corresponding to a certain value of the thrust

* Taken from f’LIAeronautica,’”Jan.-Feb., 1922, pp. 22-27.
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(%,”) wliich,as shown by experience> doss not coincide wit% tns geo--.

metric m~mum of the poiar, but ‘lies$instieaxi,between this and

the value corresponding to the rflinimm.traction, Since the practi-

cal and geometzi~al nsxima of Y * cdo aot coincide, it is proba-
Y

bl.ydue to Considerations of stability. It suffices foy us to have

called attention to the fact,

1. Horizontal Flight Gver”Field.

The retarding force is given by

.?7 $JV2*4
%

and therefore the accelerationby

Granted that

Indicating with q the Katio

n +
x

(1) may be tr~sforme~ as follows;

J dsI+=_g
ds dt ‘fl

.

(1]

(2)’

** “For Simplicity Of nOtatiOYl~ the asterisks, which indicate that
the ~, Ky, etc., refer to the w’holeairplane, are omitted. For the
notations. see ‘1111Bolletino Tecnico,trNo.1’7,of tineltDirzione
Gperimentale d;Aviazione.lr
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‘i-imce

s =.

in which tineintegzal is

winiekflight begtns and the

E@at ion (3) may, with

(3)

included between the speed VI at ‘

ultimate Minimum spee~ V’.

easy trsnsfoxmations be written

(4)‘

being the integral limited by the initiai and final.values of 1~.

For integrating either (4),or (5),when it is not desiredito

make use of a graphic pxocess, very easily applied to (4), it is

necessary to,, know the equation of the polar in the space between

the initial and finsl points PI and Pz (Fig. 1).

As already mentioned, this interval is not very large, jv.st ,

because the flight over the field begins with an angle of incidence

vazying but little (often somewhat less) from that of ~inimum trac-

tion. It is therefore possiloleto su~sti%ute for the actual space

PI P2 a curve with a simple

following type.

K~ =,.

equation (parabola of n“ order) of the

s

K. +AKyn (5)
. ,.

in which K. would be the value of the abscissa relative to-the “

point where the prolongaticm of’the curve substituted for the space

‘Pl P2 encounters the axis of Kx~

By substituting in (4) and integrating, we obtain

= _Q_+og
KX Kyan

s G
-Z (6)

2gSKon ~% %x .-

1’],
i.
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Henoe, for n = 1

s Q
= 2gSKo

log :!
1

For n=2

Q
2

s =
4gs&J 1% *

Forn=3
s = .JL_. log U&

6gsKo 7yT2

(7)

(8) -

(9)”,

(10)

All the above formulas lead, in practice, to very similar re-

sults, as is shown by the following exsmple.

Let:

Kx = 0.00225
1 KY1 = 0.020 (point Pl)

‘%
= 0.005 K

Y2 = 0.04’7(point Pa)

The above values are obtained from the polar of Fig. 1. After
@

making the oaloulations by means of (6), we find:

I?orrn=l s= 13.2 $

R m= 2 s= 13.8 !$

!1 m= 3 a= 14.1 g

The differences between the various cases do not reach ??.

Taking therefore as the average
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.

i.
~ ; 50, we obtainfo~ : = 40, we obtain s = 560 ti;fox

s = 700 m. \

Fot practical “pu~poses~the above formulas are a little c~-

plicated and$ since it suffices to know the,space s, appxoximately,

it is bette~ to u“sesimpler formulas, which ulaybe obtained by ap-

plying the theorem of the neaq value. “

Thus we m~y obtai~ from (4) .“

in Vbich, “forthe mean value 1/(Kx)m, we may put simply the arith-

metical mem:

BY applying the above to the example, w~ find: .

I s = 13.75:

which demonstrates W-e:atiissibility of this procedure../

But i& s“implerand’more expressive formula is “obtainedby ap-

plying the theorem of the mean value to (3)

Since it

has about the

Wrn (~’ ,- VI”)s=—’
2g

(12)

has already been mentioned that the spa”ce P3 ~

value of the angle of minimum traction, for which ““

is minimum, we ‘may (always in the way of.a broad approximateion) put

Tmin. instead of (T)m and we shall have:
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or} even assuming
~

Vz =
$

(u!)

.
By applying this to the usual exaple, we have: -

s = 15.6$ ,

Or a somewhat excessj.ve-value, as W- to bq expected> but still ~-

proximate io within 10%. The approximation would natud.ly be -

closer, if the field PI ~ were moze ~estricted~ ad in pariicu-

laz if Pz were neaxer the point of minimum.%raction.

If we @ ply it to the practical example:

Va (landing speed) = 32 m/see.

%in. = 10

ix = 1.5V2 = 48 zn/seo.

we shall have:

s = 640 m.

It is interesting -toobse~e that ecyation [33) expresses.the

work A ich would have been done by gravity, if the machine had de-
-1

stend’ed,with a constant inclination of ~
71min.
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2. Dimens;ions of Landing Field. .. ~-..=-
*

The foregoing enables us to form an opinion on the dircensionso

of the lanaing field. It is evident that these dimensions are gen-

erslly very great and depend.essentially on two factors: the fine-

ness of the airplane and the ratio between the speed with which it

begins its flight ovez %he”fiel’dand tineminimum speed of which it .
!.

is capable. r

For swift and very fine.airplanes the landing problem becomes ~

all-important tid must be seriously considered. In fact, to avoid
\

the necessity of imme&e field+~ it will be necessary to descend on
v

the field at a low speed, since the equation ~ = & exerts a
2.

great influence; as can be judged from Fig. 2, in which ~2 --1 is

shown with relation to ‘~.”

But, ia oxder to bzing VI nearer to V2, it is necessary to

descend with a small gliding angle end hence to”have a field free

from.all obstacles:’ In other words? while it would be convefiient

(in ordex to facilitate slighting,especially in case of a forced

landing) to be able to descend on the field at a steep imclins,tiori,

there is opposed to this the necessity of not striking the ground
.*

at too great speed.

If, in the last example of the preceding paragraph, we sl&ld

simply make ~ = 1.8, instead of 1.5$ the length of flight would

pasR from 640 to 1250 m.
-

In order to reduce the length of flight over the field, without

imposing on the gliding angle limitations which would prove inoppor- .-
1
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tune in practice, it wM!.5;.be necessa~y to difiinish,artificialiy
.

the fineness of the fi~~hine,by czeating a counter-pull or bxak.s,

either by u;eans.cf resisting surfaces opposed to the wind, or”by

means of the

tion.

By thus

propeller itself, by reversing the pitch or the rota-

increasing the structural resisiancej q is diuinis~ed

and consequently s. Thus, in the case of the polar in Fig. 1, if .

there is added a structural.resistance of k = 0.002, q passes
,-

from the value of 10.8 to 6.8 and, with equality of initial and fin-i

al speeds, the distance s. is reduced to ~ .
;

In order to produce a like resist~ce with a surface nozudl to
●

the wind, it would be “necessaryto have a surface of

1
. ZIP

022 for exsmple~ fox an airplane of 40 sq.m. wing suxface to

,resisting surface of.1 sq.rn. If the resisting surface cmuld

txipled, q wouldbe “Xed..cedto 4.25 and s. to about 0.4.

But the introductiw of such a resistance would be much

have a

be

.
super-

ior, if it were ~plie.d,during the descer.t~either beca,,seit would

emkle ~kle descent witlia steep inclination at a low speed, ox be-

osuse, by increasing the angle of ainimm pull, it would bring Vz .

nearer to Va and therefore diminish ~ by bringing it neaxer to “

unity.

In this connection, experiments have been tried in America with .
!

a parachute fo~ a brake>
I

but thus far there have been only prelimi- I

nary experiments designed.’to show whethex the parachute-was strong .;
1

enough. The parachute was broken at 80 miles pez hour.
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by Col..Bongiovenni, which could not be centiaued on acc~t Of ~ -

accident. ~

As foz the c~e of the propeller with inverted pitch, it is not

easy to say, in the present status of the experiments, what force it

would give, since the propeller (aside from the exchange of the

front.and xeax) ~ouhi work in a direct current in + he upposite di- ‘

rection to its thrusti.,-d this working condition i-svery little un-
‘.

derstood. In ordez to obtain an approximate value, we may, howevez,

~sume that the p~opeller gives, under this condition, a counter-

thrust nearly equal to that of an ordinary S%ationaxy propeller and

that this is about”1.5 times that in flight with a speeitof Vl.

Thus it is fou.pdthat the effeot of the propelle~ would be about

to‘that of introducing a ~leazl.yconstant countez-thxus%equal

s = 3*5 +

1
1.5 KXV2

21

In order to obtain an idea of the influence of such Constant

resist.tiance,it will suffice .(1)ihus modified:rewrite equat ion
I
~.,

\,’.+’~xl.5 “a
-Q “T.

tg=.
d%

(w=.
dt (15]

of the mea value and mak-
}$

1:

....
,,-.By applying, as before, the theorem

have:

.,
f..



I

..
(2V
z=-’

2a5 -#--
min.

which leads to the conclusion that the space s,
. .

initial and final.speeds> is zeduceciaccoxding

1 tO 2.5.

Lastly, we obsexve that, even without any

4
.

,.

-,

.

with equality of
.!

to the ratio of

special device, there

is always a braking resistance-due to the propeller$ its pitch and

direction of rotation remain constant.

,, It is known that when the zotation speed is small with refer-

ence to the forward motion (OZ & is large), the p~opelier may

develop a considerable-braking force.

Experiments performed,at the Aeronautic Experimental hst itute

I on an S.V’.A. propeller demonstzated that, for a suitable value of

~, the ratio brY~ can attain a value (n~gative)nearly equal tOI

the value of the same speed ratio in horizontal flight.

If the propeller is”stationary, the valae of this zatio be-

comes, fo~ the pzopeller under ooasideration, about 2/3 of the .

above value.’

This denotes the introduction of a specific structural re-

sistance} equal in the two cases to Kx min. and 2/3 KX min.
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It is therefore a question of an influence far from negligible. i:,.

~

.,
Thus in the case of Fig. 1, assumed for a stationary propel-

~ ler, there is an inozease in Kx of about 0.0015, causing a dizni- ,,.,
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Having ~-sune’dmoreover the beginning of horiz~tal flight at
.

the incidence of minimum traction, we find that 1$ passes from

0.033 to 0.038. Taking KY : C.04’?, ~2 will be equal in the two
2

cases to 2.025 and 1.53. From this it follows that s varies in

the equation.

The length of the landing flight

gliding angle in the ratio of about 1

the

its

0.3

is reduced

: 1.5.

to 1;3 and the !.-=’””

3. The Fall and the StrenRth of the Landing Geaz.

The second phase of landing is the ,~fall~~which begins when

machine has arrived at the minimum practical speed below which

inertia will no longer support it.

The machine then assumes very steep angles of incidence for

which ~ remains nearly constant, while Kx continues to in-

crease with the increasing incidence.

The differential equations of the motion in this case are the.

following, in which v indicates the vertical rate of descent:

dv V2
a=~ “l-— x %.

V22 KY~

dV ~
a=- g

V22

A simplificatim may be made

Xx._
Ky2

(16) ~

(17)

in the above equations by s“cppos-

ing Ky2 = Ky, a supposition justified by the ordinary behavior

of the polar which, after having reached its ms%im~, bends towazd
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But even thw EM@ifid., the two equat io~s in question do not “

Thexefore it is necessaxy to resoxt to m

That is, we assurnethat the vertical

fdl increases lineally ,(Thismay tiedone

xi.

aztif ice.
acce le r xt ion during the

on account of the brevity

of the fal.lingphase und.ezconsi.dezation),by p~%sing from the zero

value at the beginning t o the vd.ue u g at the end. It would be

a= 1, ‘if~ at t~e end of the fall} the vertical lift should com-

pletely disappes.x,oz else V = 0. ‘If to

we have

1v=—
2

C@
0

and assuming v = ~“Y
.

we obtain
W

Y
‘t= $ug —
-to

i

;.’.

1..
;.

is the falling time>

(18)

(20)

The time to and the speed Vo, with whi.chtb.eaiyplame

touches the gr~d, ,are thexefore readily expressed in terms of the

dist~ce fallen, YO : ‘

--------- .
6yoto= _ (21)

J’ug
,.

-.--------

3UY0.
‘o ‘w” 2 (22)

“Y”””
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(23)

I >

and ‘therefoye,by ccmparing (22.)and (23): ./
!
I . . .

/ ---------- -. -

1

‘= (1 - ~“; J&_ = 6yGg
I

1 -a V*2 ‘nm2. .

The first me?nbe~is a function increasing with a and there-

foxe the m~imum value of a will occur for the maximum value of

the second rnemher. In this case, it is allowable *O substitute for
. .

1 the mean value qm a minimum, which may be held equql to 2 (the

; mesn value corresponding to an incidence of 20°).

The same reasoning leads.us .toassume for y (distance fallen]

a high value {certairilynot exceeded in practice~ at least in nor-4
1

‘ ml landings) of, fbr example, 2 m.

Hence: ------...----

U (l”- Y 1 -u) ’,=
l--a

Assuming Ve = 28 m/see. we obtain a =.

3.5
Q

- 0.43

(25)

V* = 36 m/see. we obtain u = ~ 0.3

\-
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In pzactice we may therefore take ~ between 3/7 and 3/10, ac-

cchxlingto the minimum speed of the airplane.

By substituting in (22) and puttZng it under the fom
—----------A-

=JHc2gyo‘o

we have> in the two cases> c = 0*32j c = 0..225} w-hich means that

the freely fal.lingdistante, to be considered.for t$e strength of ‘

the lsnding gear lies, aceording to tlieminimum speed of the air-

plane, between 1/3 and 2/9 of the actu~ height at which the final

phase of the descent begins.

Thus, having taken y. = 1 m., we have c y = 0.225 to 0.32 m.

The fi~re of 0.5 m. which -itis customary to consider as the

f xeely falling height$ in detemining the strength of the landing

gear, is therefore fully justified,by the foregoing consideations.

(Translatedby the National Advisory Committee for Aexom.utics.’)’
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